Abstract-The dissolution of magnesium (Mg) and silicon (Si) from various samples of chrysotile asbestos was measured in N HC1 at 25°C. Nine samples were used, five from Canada and four from the Coalinga deposit in California. With milled samples from Quebec, the fraction of Mg dissolving was linearly related to the square root of the leaching time until at least 65% had dissolved. With a hand-picked sample of ore from Quebec, the sample from British Columbia and all the Californian samples, the Mg leaching patterns were sigmoid. The leaching patterns for Si were sigmoid in shape for all the materials tested. Mean Mg dissolution rates were calculated for each leaching period. Considerable differences were observed between samples from the different mining regions and also between hand-picked and milled samples from the same mine. Initially, Mg dissolved more rapidly from milled Quebec chrysotiles than from the Coalinga samples. This difference is due in part to the rapid dissolution of non-structural brucite, present in all the samples from Quebec but not in those from California. An additional cause is greater damage to the fibre surfaces resulting from the milling to which the less readily-opened fibres, typical of the Quebec mining area, were subjected. Once this readily-available Mg had dissolved, there was little difference in leaching rates between milled and unmilled samples from the different regions. When the fraction of Mg dissolving is plotted against that of Si, all the materials follow a similar pattern, suggesting that the dissolution of Si (as silica) is the rate-controlling step in the dissolution of Mg.l © 1997 AEA Technology pic. Published by Elsevier Science Ltd -J
INTRODUCTION
Chrysotile is the. most abundant member of the serpentine class of asbestiform minerals. It is a magnesium silicate with ideal composition Mg6Si4O 10 (OH)8. Structurally, the unit fibrils of chrysotile consist of a 1:1 mixed sheet of silica and brucite (MgOH 2 O) and, because of a slight structural mismatch in lattice parameters, the sheets form either a helical spiral, or concentric cylinders, about a central capillary. Chrysotile fibres consist of polyfilamentous bundles of unit fibrils with their axes in common alignment. The structure and properties of chrysotile have been reviewed recently by Langer and Nolan (1994) .
Chrysotile is readily attacked by both organic acids (Thomassin et al., 1977; Goni et al., 1979) and mineral acids (Atkinson and Rickards, 1971; Morgan et al., 1971b Morgan et al., , 1973 and there is considerable evidence that it is also degraded in vivo (Morgan et al., 1971a; Morgan, 1994) . The acid-leaching characteristics of chrysotile samples from the Coalinga region of California have never been described, and the purpose of this paper was to compare them with materials from mines in Quebec and in British Columbia, for which data already exist. Coalinga fibre was chosen because there is evidence from diverse sources that it differs from most other forms of chrysotile in ways that are likely to affect its solubility. For example, it has been shown that Coalinga fibre is virtually unique in its geological formation (Coleman, 1957; Mumpton and Thompson, 1975) , morphology and ultrastructural appearance (Naumann and Dresher, 1966) and fibre dimensions, both as an aerosol and in aqueous suspension (Pinkerton et al, 1983) . Following its administration to experimental animals, its biological effects appear to be less severe than those induced by other types of chrysotile (Pinkerton, 1982; Muhle et al, 1987; Rittinghausen et al, 1990) .
Geologically, Coalinga chrysotile occurs within the boundaries of the New Idria ultrabasic intrusive, which was cold-injected from great depths. The resulting dunitederived serpentine has been subjected to extensive tectonic shearing (Coleman, 1996) . This mode of formation is quite different to that which gave rise to the Canadian cross-or slip-fibre veins that were formed at high temperature in the absence of physical shearing. The Coalinga ore, being highly sheared and pulverized, allows high yields of asbestos to be obtained by simple open-pit methods. In contrast, the Canadian ore has to be mined from pits by dynamiting and then crushed and milled to produce a commercial product. Processed Coalinga ore yields a much greater proportion of unit fibrils than the typical long-fibred Canadian product, being uniformly Grade 7 (Woolery and Cohan, 1967) . This makes it uniquely suitable for certain commercial applications.
High resolution electron microscopy of chrysotile from Quebec (Yada, 1967) showed that the spaces between adjacent fibrils are filled with amorphous material and, to a large extent, the central pore also. Coalinga chrysotile on the other hand, is characterized by the absence of inter-and intrafibrillar material (Naumann and Dresher, 1966; Chwastiak, 1968) . The absence of amorphous material, both between and within the internal pores, has been confirmed theoretically by comparing the distribution functions of surface area versus pore diameter with experimental data (Fripiat and della Faille, 1967) and explains why Coalinga chrysotile is reduced so easily to the fibrillar state. The absence of interfibrillar material should, in theory, make the fibrillar surface of Coalinga chrysotile more accessible to aqueous fluids and therefore increase its solubility.
A second factor that might be thought to affect the solubility of chrysotile is fibril diameter. The characteristic diameters of fibrils of Coalinga chrysotile are relatively low, most falling within a narrow range (20-30 nm) with an average of 27 nm (Yada, 1967) . Similar values have been reported for Coalinga chrysotile by Naumann and Dresher (1966) who found that fibril diameters for Quebec chrysotiles were much larger, ranging from 20 to over 50 nm with an average of 37.5 nm. The smaller average fibril diameter of Coalinga chrysotile should result in a greater surface area per given weight than for other materials, which should also facilitate dissolution. Indeed, the specific surface areas of Coalinga chrysotile fall within the range 60-68 m 2 g" 1 (Chwastiak, 1968) which is three to four times greater than for opened samples from Quebec.
Finally, a third reason for assuming that Coalinga chrysotile should have a high intrinsic solubility is its short fibre length which, combined with the absence of material in the central pores, should permit more rapid dissolution of magnesium from fibre ends. The mean length of Coalinga fibres is about 5 /un, compared with at least 10 /*m for Quebec samples.
MATERIALS

Chrysotile samples
Five of the samples used in this study originated from mines in Canada. Of these, the Standard Reference sample B was prepared under the auspices of the Union Internationale Contre le Cancer (UICQ by bulking chrysotile from eight Canadian mines (seven in Quebec and one in British Columbia) roughly in proportion to their annual output. Approximately half the material originated from the Jeffrey mine operated by Johns-Manville. Although it is a mixture of materials, neutron activation techniques have been used to establish that it is homogeneous at the 10 mg level (Morgan and Timbrell, 1971) . Additional samples from the Jeffrey mine included a hand-picked sample of unopened ore and two milled samples designated 'Johns-Manville 4-D' and 'Jeffrey 4T-30'. To remove host rock from the handpicked sample, the fibre ends were removed, leaving fibre bundles about 2 cm in length. Samples of this material for leaching studies were carefully pulled from the fibre bundles to ensure minimal opening. Finally, a very long-fibred silky sample from the Cassiar mine in British Columbia was included.
All the Californian samples were from the Union Carbide mine in the New Idria range. The products designated RG-144 and COF-25 are both of high purity, but the COF-25 material is of even higher purity than the RG-144. The RG-244 material was produced from the COF-25 by treatment with sodium silicate and acetic acid, which results in an amorphous silica coating. The fourth Coalinga sample (designated NIOSH/IITRI CH-29) is one of a range of Analytical Reference Materials prepared by the National Institute for Occupational Safety and Health (NIOSH). Information on its characteristics have been given in reports prepared for NIOSH by Graf et al. (1979) and by the IIT Research Institute (Jones and Bock, 1978) . It was prepared by grinding a sample of HPO 'Calidria' chrysotile, supplied to NIOSH by Union Carbide, in a centrifugal knife mill. According to Graf et al. (1979) , fragments of metal introduced during knife milling account for 1-2% of the sample mass. Although it is denser and more granular in appearance than RG-144 chrysotile, it is reputed to have similar properties.
Physical properties of the chrysotile samples
Data on the specific surface areas of six of the samples used in this investigation are given in Table 1 . The values for the opened samples from Quebec ranged from 16 to 27 m 2 g" 1 , whereas those for the Calidria chrysotiles were much greater, as would be anticipated from their different morphology, and fell within a narrow range (54-59 m 2 g~').
Chemical composition of the chrysotile samples
It is well known that the Mg and Si contents of chrysotile samples are invariably less than indicated by the ideal formula. This is due partly to an excess of H 2 O and also to the presence of small amounts of accessory minerals, which can include brucite, calcite, chromite, magnetite, talc and tremolite. In addition, iron, chromium, nickel and cobalt can occur as substitutional cations for magnesium within the structural brucite layer of the fibre (Morgan et al., 1973) . In studies of chrysotile dissolution, it is usual to express the fraction of Mg passing into solution as a percentage of the total Mg content of the fibre. Clearly, more accurate values can be obtained by using the actual Mg contents rather than the value derived from the ideal formula. Atkinson and Rickards (1971) indicated that Mg can be totally removed from chrysotile by acid treatment, and acid digestion has been used as the initial stage in the destruction of chrysotile in order to determine its amphibole asbestos content (Addison and Davis, 1990) . Therefore, measurements were made of the total Mg content of the nine samples of chrysotile used in the present study by refluxing with 2N HC1 for 1 h. Longer refluxing times showed that all the Mg dissolved in the first hour of treatment.
METHODS
Leaching procedure for magnesium and silicon dissolution
The leaching procedure used was essentially the same as that described by Morgan et al. (1971b Morgan et al. ( , 1973 . Accurately weighed samples (about 20 mg) of each of the test chrysotiles were transferred to 50-ml screw-cap plastic centrifuge tubes (Falcon). Aliquots (25 ml) of N HC1 were added to the tubes and the contents dispersed by vigorous hand shaking for 10 s. The tubes were placed in a constant temperature bath at 25 C C and the contents mixed by inversion every few hours. After leaching for predetermined periods, the contents of the tubes were filtered through folded filter papers (Whatman No. 1, diameter 15 cm). Aliquots of the filtrates were collected in plastic vials and analysed for magnesium, silicon and iron by inductively-coupled plasma emission spectrometry (ICP-AES). The shortest leaching time was 2 min. In that case, samples were dispersed in the normal manner, and, after contact with acid for 1.5 min, filtration was started and terminated at 2.5 min. The remaining suspension was discarded. Appropriate blank samples were prepared and analysed with each batch of samples, together with a standard solution containing 50 ng ml" 1 of Mg and 10 ^g ml" 1 of Si and Fe. The limits of detection by ICP-AES for Mg, Si and Fe are 0.05, 0.03, 0.003 ng ml" 1 , respectively. In an attempt to increase the dispersion of the chrysotiles, additional fibre suspensions in N HC1 were hand-shaken vigorously for 1 min, after which they were treated in the normal manner.
Determination of total Mg content
To determine the total Mg contents of the chrysotiles used, accurately weighed samples (20-30 mg) were refluxed with 25 ml of 2N HC1 for 1 h. The resulting suspensions were diluted to 50 ml with distilled water and the siliceous residue removed by filtration. Mg, Si and Fe were determined in the filtrates by ICP-AES, as described above.
RESULTS
Chemical composition of chrysotile samples
The Mg contents of the test chrysotiles are given in Table 2 and varied from 23.7 to 24.8%. There was good agreement between duplicate determinations. These values are lower than the Mg content indicated by the ideal formula for chrysotile (26.3%). Lower values than ideal for Mg are to be expected due to the presence of other cations, either in accessory minerals, or as isomorphous substitutes for structural Mg itself. The Mg contents of the Quebec chrysotiles were generally greater than of the Coalinga, presumably because of higher levels of free brucite (MgOH 2 O). Brucite levels of 5-7 and 1-2% have been reported by Graf and Bock (1984) for UICC B and Coalinga chrysotile, respectively. The Mg content of brucite (41.7%) is considerably greater than that of ideal chrysotile so that significant levels of free brucite will enhance the Mg content of a fibre. As would be expected, the Mg content of the silica-treated RG-244 chrysotile is somewhat lower than of the COF-25 material from which it was prepared.
When expressed as MgO, the normal manner in which Mg contents are expressed, the values in Table 2 correspond to 39.3-41.1%. MgO concentrations ranging from 40.8 to 42.8% for chrysotiles derived from serpentine ultramafics have been reported by Langer and Nolan (1994) , compared with the ideal value of 43.7%. The Mg contents of a range of 28 cross-fibred chrysotiles have been given by HahnWeinheimer and Hirner (1975) . The mean value that they obtained was 41.87%, but it should be noted that prior to analysis, their samples were ground and subjected to magnetic separation in order to remove as much free magnetite as possible. This will have enhanced the Mg content. The iron contents of the samples are included in Table 2 and ranged from 1.2 to 2.8%. According to Langer and Nolan (1994) , the iron contents of chrysotile fibres, derived from serpentine ultramafics range from 0.5 to 3.6%. Morgan et al. (1973) showed that about half the iron in samples of chrysotile from Quebec is present as magnetite, most of the remainder being substituted for Mg in structural brucite. It is not known whether all the iron in chrysotile is dissolved by refluxing with 2N HC1, but the Fe concentration of the UICC B sample reported here is identical with that previously measured by neutron activation analysis (Morgan and Timbrell, 1971) . This suggests that the values obtained by acid refluxing do represent total iron contents. The iron contents of the milled Quebec samples were greater than of the Coalinga. The hand-picked Jeffrey sample had a low iron content (1.2%), which is presumably due to freedom from host rock contamination. The Cassiar sample also had an Fe content of only 1.2% in agreement with previously published values by Morgan et al. (1973) and by Martin and Phillips (1977) .
The SiO 2 content of ideal chrysotile is 43.4%, and values ranging from 38 to 44% have been reported (Rubin and Maggiore, 1974) . It was clear from the siliceous residue left after refluxing with 2N HC1, that not all the silica in chrysotile is dissolved by this treatment. The mean weight of Si dissolving after refluxing various amounts of chrysotile with 2N HC1 was relatively constant (2.5±0.36 mg), indicating that, on average, only about 10% of the Si had dissolved.
Dissolution of magnesium
In Fig. 1(A) , the loss of Mg from chrysotile samples from Quebec and British Columbia, expressed as a percentage of their total Mg contents, is plotted against the square root of the leaching times. Where three determinations were made at a single time point, standard deviations are included. It has been shown that, when leaching results are plotted in this manner, the data can be fitted by a straight line until most of the Mg has dissolved (Atkinson and Rickards, 1971) . The leaching patterns for the UICC B and milled Quebec chrysotiles all conform to this pattern, following a straight line until at least 60% of the Mg had dissolved. Linear regression lines for these three samples, obtained by fitting all the data up to a Mg dissolution of 65%, are shown in Fig. 1(A) as continuous lines. The correlation coefficients are all greater than 0.99, and the y-axis intercepts are 8.0, 2.6 and 2.2% for the UICC B, J-M 4-D and Jeffrey 4T-30 samples, respectively. The pattern for the hand-picked Jeffrey sample has a somewhat different shape: although the curve passes through the origin, only the data obtained between 4 and 100 h approximate to a straight line. The leaching pattern for the Cassiar chrysotile has a linear portion that passes through the origin but then tends upwards rather than downwards. Fig.  1 (B) shows that the Mg leaching patterns for the Calidria samples all have a sigmoid 
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shape. The y-axis intercepts are about 2% for the RG-144 and N1OSH/IITRI CH-29 samples and less than 1 % for the RG-244 and COF-25 samples. There was no systematic increase in Mg solubility when the suspensions of chrysotile in acid were shaken for 60 rather than 10 s. This indicates that additional hand-shaking failed to increase the dispersion of the chrysotile samples used.
Dissolution of silicon
Data for the dissolution of Si are shown in Fig. 2A and Fig. 2B . The loss of Si is expressed as a percentage of the total Si based on the ideal formula for chrysotile (20.27%). The Si leaching patterns are all sigmoid in shape, irrespective of mining region, and the ^-axis intercepts are all less than 0.5%.
DISCUSSION
The acid decomposition of chrysotile has been studied by a number of authors. Atkinson and Rickards (1971) showed that the rate of reaction is directly proportional to acid concentration in the range 1-12N. At concentrations lower than this, the rate of reaction decreases more slowly. Dissolution of Mg from a range of chrysotile samples, including UICC B, was investigated by Morgan et al. (1971b Morgan et al. ( , 1973 using identical conditions to those in the present study. They showed that the Mg leaching patterns for milled chrysotiles from three Quebec mines (Bells, Normandie and Jeffrey), and for the UICC B standard reference sample, were all linear until about 70% had dissolved and that the ^-intercepts were in the range 5-10%. The values reported for the UICC B sample are in excellent agreement with those reported here, in respect of both slope and j>-axis intercept. Thus, it would appear that the leaching patterns of milled chrysotiles from mines in Quebec generally exhibit a linear relationship between the loss of Mg and the square root of the leaching time and have a significant ^-intercept. However, the leaching pattern of the hand-picked Jeffrey material is quite different and resembles more closely those of the Coalinga chrysotiles that all have similar sigmoid shapes.
Undoubtedly, the higher intercepts for the Quebec chrysotiles are due in part to the rapid dissolution of (a) free brucite, the concentration of which is higher in Quebec than Coalinga samples and (b) interstitial Mg containing material, thought to be amorphous hydrated magnesium silicate (Bates and Comer, 1959) , which is present in Quebec chrysotiles and absent in those from Coalinga. Chrysotile from the Carey mine in Quebec, which was reported by Wagner et al. (1970) to contain an abnormally high free brucite concentration of at least 20%, gave a very high yintercept of about 35% on acid leaching (Morgan et al., 1973) . The free brucite contents of the other components of the UICC B material were reported by Wagner et al. (1970) to be either less than 5% or, in the case of the Cassiar component, absent. The low free brucite and iron contents of the Cassiar and Coalinga chrysotiles may not be altogther fortuitous. Both arise along the Pacific rim and may originate from similar starting materials (Coleman, personal communication) . Not unexpectedly, the Cassiar fibre also demonstrates a poorly formed and thus rather weak interfibrillar matrix (Martin and Phillips, 1977) , no tremolite contamination (O'Hanley, personal communication) and generally exhibits an exceptional purity that gives rise to its preferred use as an electrical insulator (Sinclair, 1955) . 
X
NOOHIS
Another factor that is known to affect Mg solubility is milling. Mechanical milling of chrysotile is known to decrease fibre crystallinity and alter Si-O and Mg-O interlayer bonding (Langer et al., 1978) . The acid leaching characteristics of 'rough' and 'milled' UICC standard reference samples were compared by Morgan et al. (1973) who showed that the effect of milling was to increase both the ^-intercept and the rate of Mg dissolution.
In Fig. 3A , the mean Mg leaching rates from the Canadian chrysotiles during each leaching period are plotted against the fraction of the total Mg remaining undissolved at the start of that period. Corresponding data for the Coalinga samples are shown in Fig. 3B . With all the samples, there is an initial enhanced leaching rate of variable duration followed by a plateau phase, during which leaching rates only decline slowly and are generally within the range 1-2.5% h~'. After about 30% of the Mg has been removed, leaching rates start to decline more rapidly and, by the time 50% has been removed, are less than 1% h~' for most samples.
Leaching rates during the initial 2-min period are given in Table 3 , together with the fraction of the total Mg dissolving during the rapid leaching phase. The end of the rapid leaching phase is taken as the point at which the leaching rate falls below 2.5% h"'. It can be seen from Table 3 that the UICC B chrysotile, and the milled samples from Quebec all follow a similar pattern. The initial leaching rates exceed 100% h~\ and more than 20% of the Mg is dissolved during this phase. Some of this loss can be accounted for by the high, rapidly-dissolving free brucite content of these samples but, as free brucite accounts for less than 5% of the Mg (Wagner et al., 1970) , other factors are clearly more important. The behaviour of the handpicked Jeffrey sample is quite different; the initial leaching rate is only 6% h~', and only about 0.2% of the Mg is removed during this phase. Cassiar chrysotile, which contains very little free brucite, also has a low initial leaching rate (16% h~') and thereafter appears to have the lowest Mg dissolution rate of all the samples examined. The initial leaching rates of the Coalinga samples range from 30 to 81% h" 1 and only a few percent of the Mg is dissolved during the rapid leaching phase. Note the similarity between the RG-144 and NTOSH/IITRI, CH-29 samples. The slightly more rapid dissolution of the latter is probably due to the additional milling that it received.
In Fig. 4A , mean values for the fraction of Mg dissolving during each leaching interval are plotted against the corresponding Si values for the Canadian samples. Corresponding data for the Coalinga samples are shown in Fig. 4B . The relationships so obtained follow a rather similar pattern with a steep initial increase, followed by a gradual turn over. Figure 4A shows that, despite the large difference in 'openness', the curves for the hand-picked and milled samples from the Jeffrey mine are almost identical when plotted in this manner. With the UICC B sample, rather more Si has to be dissolved to achieve the same Mg depletion and even more for the Cassiar. As shown in Fig. 4B , there is a very close similarity between the RG-144 and NIOSH/IITRI CH-29 samples. Rather more Si had to be dissolved from the RG-244, and its parent COF-25, to achieve a comparable Mg dissolution.
Comparing Fig. 4A and 4B shows that, when expressed in this way, the patterns for the Quebec chrysotiles are not dissimilar to the Coalinga. Dissolution of 10% of the Si results in a Mg depletion of 50±10% and dissolution of 20% to a Mg dissolution of > 70%. The only exception to this pattern is the Cassiar chrysotile. It would appear therefore, that the removal of Mg from the chrysotiles used in the present study depends primarily on the rate of Si (as silica) dissolution and that this is the rate-controlling factor. These conclusions are in agreement with the 'shrinking fibre' model of Hume and Rimstidt (1992) who proposed that the structural brucite of chrysotile dissolves, thus exposing the silica layer, which dissolves at a lower rate and is thus the rate-controlling step.
If it is assumed that the rapid dissolution of interfibrillar material exposes all the fibril surface to acid, then it might be anticipated that the subsequent leaching rates of Si (and consequently of Mg) would be similar. That they are not, suggests that there are intrinsic differences in the rate of dissolution of the Si. The most likely explanation of this is that damage to the surfaces of Quebec chrysotile fibres, due to Fig. 5A and 5B, respectively. Breakage and damage to the fibrils on the surface of the milled fibres can be clearly seen. Another factor that may affect dissolution rates is fibril morphology. For example, the Si in cylindrical fibrils may dissolve more slowly than from spiral fibrils, resulting in a slower release of Mg. Fibrils having a spiral structure possess a permanent 'ledge' produced by the emergence of the screw dislocation at the surface of the crystal. Such ledges are absent from fibrils with cylindrical layers. As discussed by Veblen and Wylie (1993) , surface ledges probably affect dissolution kinetics, and it is probable that their presence on spiral fibrils enhances their dissolution rates compared to those of cylindrical fibrils.
The rate of dissolution of the magnesium from chrysotile has been estimated in vivo, following its administration to rats by intrapleural inoculation (Morgan et al., 1971a) . It was found that between 25 and 35% of the Mg in Cassiar chrysotile dissolved during the first month after administration, after which the leaching rate was much reduced. Thus, on the basis of the present study, it appears that in vivo leaching rates are'roughly 200 times slower than the rate of dissolution in N HCl at 25°C. Therefore, it should take about 4.5 months for 50% of the Mg to dissolve from chrysotile fibres in vivo. Dissolution rates of this order are not inconsistent with those indicated by the 'shrinking fibre' model of Hume and Rimstidt (1992) , which predicted that a chrysotile fibre 1 /mi in diameter will dissolve completely in 9±4.5 months. Dissolution rates of chrysotile fibres within cells have also been calculated by Parry (1985) , who found rates that were similar to those observed in vivo. Small changes in the values of the Si/Mg ratio in fibres extracted from lung led Churg and DePaoli (1988) to conclude that dissolution of chrysotile must play a very minimal role in chrysotile clearance in humans. However, if it is accepted that the silicon in chrysotile fibres dissolves in vivo, albeit more slowly than the magnesium, then there is likely to be an effective upper limit on the value of this ratio.
To summarize, it is clear from this study that Mg dissolution rates from chrysotile are unrelated to their specific surface areas. It also demonstrated that, whereas there are considerable differences in the rates at which Mg is leached from commercial grades of chrysotile from different mining areas, even greater differences exist between hand-picked and milled samples from the same mine. It appears that the rapid initial Mg dissolution rate, which accounts for about 20% of the total Mg in milled samples from Quebec, is due more to damage to fibril surfaces caused by milling than to the relatively high levels of rapidly-dissolving free brucite and interfibrillar magnesium silicates. With the Coalinga chrysotiles, which are opened much more readily, the initial leaching rate accounts for 5% of the total Mg at most. After the initial rapid leaching phase, there appears to be a period during which leaching rates are rather similar for all samples, presumably reflecting Mg removal from exposed and relatively undamaged fibrils below the original fibre surface. During this phase, the dissolution of Mg may be limited by the diffusion of Mg ions through the silicate layer, as suggested by Gronow (1987). The dissolution rate of Mg from Cassiar chrysotile appears to be lower than from all the other samples.
In conclusion, this study shows that the physical properties of commercial chrysotiles differ so much that it is impossible to state categorically that the Mg of one dissolves more rapidly than that of another. Differences due to fibril length and diameter, which must affect Mg dissolution rates, are obscured by other factors caused by differences in the treatment of ore necessary to produce a commercial product. Ideally, in order to compare intrinsic leaching rates of chrysotiles, it would be necessary to obtain samples in the fibrillar state without damaging their crystal structure by milling, or other physical treatment. Whereas it is possible that Coalinga chrysotile can be obtained in the fibrillar state, it is unlikely that the same applies to chrysotile from the Quebec mines which are opened much less readily. However, the results presented here suggest that, if absolute fibrillar dissolution rates could be measured for Quebec and Coalinga chrysotiles, they would not be markedly different.
